Introduction {#sec1}
============

MS and obesity are major health problems worldwide.[@bib1] Metabolic syndrome (MS) is a complex disorder which leads to cardiovascular disease (CVD) and type 2 diabetes (T2D).[@bib2] Central obesity and insulin resistance are the main feature of MS that ultimately cause high glucose and triglyceride levels, in addition to hypertension. Although the etiopathology of MS is still not completely determined, a combination of factors might lead to such disorder. Environmental, lifestyle and most probably genetic susceptibility factors are likely involved in the development of MS. Patients with MS are subjected to cardio-vascular diseases and cancer.[@bib3], [@bib4] An important link seems to present between obesity and the development of PCOS, where the low-grade inflammation that concomitant to obesity most likely contributes to the pathogenesis and development of PCOS.[@bib5], [@bib6] There is an association between oxidative stress and inflammation. The link between oxidative stress (OS) and inflammation is so strong that it is not easy to differentiate between them and both are accompanied by increased DNA damage.[@bib7] Obesity and MS patients are subjected to genetic damage.[@bib8], [@bib9] Significant associations between BMI, WC and increased levels of oxidative DNA damage have also been reported.[@bib10] Moreover, genomic instability has been found to be associated with high BMI and insulin resistance in PCOS.[@bib11] Pre-eclampsia is a complex multi-systemic disorder that causes maternal and fetal morbidity and mortality. High oxidative stress has been noticed in Patients with pre-eclampsia.[@bib12] Consequently, oxygen free radicals that created by oxidative stress are causing several types of DNA damage.[@bib13] The imbalance status between oxidant and antioxidant could badly affect DNA and other cellular biomolecules which in turn induce diseases such as diabetes mellitus and cardiovascular disease.[@bib14]

There are no previous studies, to the far of the authors\' knowledge, examined the association between the DNA damage and number of metabolic components along with PCOS and recurrent preeclampsia in obese women. Therefore, the present investigation aimed to assess the DNA damage among Egyptian obese women and examine its relation with metabolic syndrome components and risk of PCOS, in addition to its relation with recurrent pre-eclampsia.

Materials and methods {#sec2}
=====================

This study was conducted at the National Research Centre, Egypt; Medical Research Centre of Excellence. Subjects of the study include 90 obese women divided as 30 MS, 30 PCOS and 30 with history of recurrent pre-eclampsia, in addition to 50 healthy non-obese women as a control group. All subjects aged between 25 and 35 years. The study was approved by the Ethical Committee of National Research Centre, Egypt (number = 16361), in accordance with the World Medical Association\'s Declaration of Helsinki. A written informed consent was obtained from each participant. Exclusion criteria include, subjects with a history of any systemic chronic disease or viral infection within the last 2 months. Subjects that received antibiotics, systemic steroids and mineral or vitamin supplements during the past 2 months were also excluded. Rotterdam consensus criteria were used to confirm the diagnosis of PCOS.[@bib15]

Whereas the criteria used to diagnose the metabolic syndrome were modified from those of the National Cholesterol Education Program\'s (NCEP) Adult Treatment Panel III (ATP III).[@bib16] According to NCEP ATP III, the components of the metabolic syndrome are: 1) hypertension, defined as antihypertensive treatment and/or elevated blood pressure (\>160 mmHg systolic or \> 90 mmHg diastolic); 2) elevated plasma triglyceride ≥1.7 mmol/l, and/or low HDL cholesterol \< 1.0 mmol/l concentrations; 3) WHR ratio \> 0.85; 4) high fasting blood glucose ≥ 110 mg/dL. Women have the metabolic syndrome if two of these criteria are fulfilled in addition to being obese (BMI ≥ 30 (kg/m^2^).[@bib17]

Anthropometric measurements {#sec2.1}
---------------------------

Anthropometric variables including height, weight, waist and hip circumference have been measured. Details on the anthropometric measurements have been reported on.[@bib18] BMI was calculated as weight in kilograms divided by height in meters squared (kg/m^2^). Obesity is defined as a BMI of ≥30.0 kg/m^2^. The waist hip ratio (WHR) was calculated as WC divided by HC. All Standardized equipment have been used in anthropometric measurements and the recommendations of the International Biological Program[@bib19] have been applied.

Blood pressure (BP) was measured with the patients sitting with their left arm at heart level using a professional Riester sphygmomanometer manufactured in Japan. Average BP measurement was obtained from several measurements.

Biochemical analysis {#sec2.2}
--------------------

Fasting plasma glucose and serum lipids (total cholesterol, HDL-C and triglycerides) were measured by enzymatic colorimetric methods using a Hitachi auto analyzer 704 (Roche Diagnostics Switzerland). Low density lipoprotein cholesterol (LDL-C) was calculated according to certain equation (LDL-C = Total cholesterol -- Triglycerides/5+HDL-C).

Determination of DNA damage by comet assay {#sec3}
==========================================

Cell preparation {#sec3.1}
----------------

Peripheral blood leukocytes were isolated by centrifugation (30 min at 1300 g) in Ficoll--Paque density gradient (Pharmacia LKB Biotechnology, Piscataway, NJ, USA). After centrifugation, leukocytes in the buffy coat; were aspirated and washed twice by phosphate-buffered saline at pH 7.4 (PBS).

Preparation of cell microgels on slides {#sec3.2}
---------------------------------------

The comet assay was performed based on Singh et al[@bib20] with modifications according to (Blasiak et al, 2003). Cell microgels were prepared as layers. The first layer of gel was made by applying 100 μl of normal melting point agarose (0.7%) onto a pre-cleaned microscope charged slides and cover slipped gently. The coverslip was removed after the agarose solidified at 4°C. Low melting-point agarose (0.5%) was prepared in 100 mmol/L PBS and kept at 37°C. Mononuclear cells were mixed with the low melting-point agarose and 100 μl of the mixture was applied to the first gel layer. The slides were then covered with a coverslip and placed at 4°C for solidification. After the second layer solidified, the coverslips were removed from the cell microgels. A final layer of low-melting agarose was added followed by coverslips, left to solidify for 10 min then the coverslips were removed.

Lysis of cells, DNA unwinding, gel electrophoresis, DNA staining were done.

The slides were covered with 100 ml of fresh lysis buffer at pH 10 at 4°C for 1 h. Buffer contains; 2.5 mol/L NaCl, 100 mmol/L EDTA, 1% sodium hydroxide, 10 mmol/L Tris, 1% Triton X-100 and 10% (Dimethylsulfoxide) DMSO. After draining, microgels slides were treated with DNA unwinding solution (300 mmol/L NaOH, 1 mmol/L EDTA and pH 13) for 30 min at 4°C, and placed directly into a horizontal gel electrophoresis chamber filled with DNA-unwinding solution. Gels were run with constant current (300 mA at 4°C) for 30 min. After electrophoresis, the microgels were neutralized with 0.4 M Trisma base at pH 7.5 for 10 min. The slides were stained with 20 μl ethidium bromide (10 μg/ml).

Visualization and analysis of comet slides {#sec3.3}
------------------------------------------

The slides were examined at 400 × magnification using a fluorescence microscope (Leica Microsystems, CMS GM b H, Wetzlar, Germany. Model DM 2500), equipped with an excitation filter of 549 nm and a barrier filter of 590 nm. A damaged cell is visualized as each cell had the appearance of a comet, with a brightly fluorescent head and a tail to one side formed by the DNA containing strand breaks that were drawn away.

In order to evaluate the degree of damage, comet images were scored visually. Slides were duplicated for each case. Fifty cells per slide were examined, and 100 cells were examined per case. We performed comet assays on blood samples from all obese women and healthy controls.

Statistical analysis {#sec3.4}
--------------------

The Kruskal--Wallis test was used to assess the differences the differences in DNA damage among MS, PCOS, pre-eclampsia and control groups as well as among metabolic components groups (2, 3, 4--5) and controls. Mann--Whitney U test has been used to compare comet assay results between the two groups. While student t-test was applied to the anthropometric and biochemical parameters and ANOVA was used for between-group comparisons of continuous variables. Regression linear analysis was performed to evaluate the association between DNA damage frequency and waist circumference, after adjusting for age and BMI. *p* values less than 0.05 were considered to be statistically significant for each test. Statistical analyses have been done using the Statistical Package for Social Sciences (SPSS version 17).

Results {#sec4}
=======

[Table 1](#tbl1){ref-type="table"} shows anthropometric and biochemical parameters in MS, PCOS, recurrent preeclampsia and controls. The results of the present study have revealed the presence of significantly elevated BMI, waist circumference, waist to hip ratio and systolic/diastolic blood pressure levels in women with MS as well as with PCOS and preeclampsia as compared to controls. The mean BMI was ranged from (31.4 ± 4.4) to (29.6 ± 4.2) in cases while healthy controls had much lesser value (23.6 ± 4.4). Similar trend was observed for waist circumference, waist to hip ratio and systolic/diastolic blood pressure levels. Regarding the biochemical parameters, total cholesterol, LDL-C and triglycerides and fasting glucose were significantly higher in MS, PCOS and preeclampsia than controls, while HDL-C was significantly lower.Table 1Anthropometric and biochemical measurements in MS, PCOS, recurrent preeclampsia and controls.MS (n = 30)PCOS (n = 30)Recurrent preeclampsia (n = 30)Controls (n = 50)P ANOVAAge (year)26.8 ± 3.428.8 ± 3.327.7 ± 4.527.7 ± 4.40.06BMI(kg/m^2^)31.4 ± 4.3\*31.4 ± 4.4\*29.6 ± 4.2\*23.6 ± 4.40.02WC (cm)99.9 ± 8.9\*99.9 ± 6.9\*\*91.4 ± 7.6\*80.4 ± 5.60.01WHR0.97 ± 0.01\*\*0.92 ± 0.02\*0.90 ± 0.04\*0.71 ± 0.020.02SBP (mmHg)133.2 ± 10.5\*133.2 ± 10.5\*135.0 ± 11.1\*115.0 ± 11.10.02DBP (mmHg)85.0 ± 9.8\*85.0 ± 8.8\*82.6 ± 7.8\*72.6 ± 7.70.01Glucose (mg/dl)151.9 ± 18.8\*153.9 ± 15.8\*149.5 ± 13.3\*87.5 ± 10.30.01Total cholesterol (mg/dl)249.5 ± 31.8\*249.5 ± 30.9\*219 ± 35.3\*150 ± 19.30.01TG (mg/dl)159.2 ± 25.6\*159.2 ± 23.6\*135.6 ± 25.1\*101.6 ± 15.10.03HDL-C (mg/dl)44.9 ± 13.3\*47.9 ± 12.2\*43.4 ± 12.6\*63.4 ± 11.60.01LDL-C (mg/dl)159.1 ± 21.9\*157.9 ± 20.8\*155.0 ± 19.9\*125.0 ± 17.80.01[^1]

[Table 2](#tbl2){ref-type="table"} shows DNA damage as evaluated by the comet assay. The results showed significantly elevated genetic damage in obese women according to their clinical diagnosis. The mean percent of damage was significantly higher in MS, PCOS and preeclampsia cases as compared to controls. Kruskal--Wallis test revealed significant differences between the studied groups (p = 0.002), the mean of DNA damage was much higher among PCOS women followed by preeclampsia and then MS. Moreover, Mann--Whitney U-test showed significant higher values of mean of DNA damage in each of MS, PCOS and recurrent preeclampsia patients as compared to controls. No significant difference was observed between the cases groups.Table 2Mean DNA damage in patients and controls.GroupDamage frequency Mean ± SEp value[a](#tbl2fna){ref-type="table-fn"} (Kruskal--Wallis test)MS (n = 30)32.55 ± 3.61\*0.002PCOS (n = 30)34.89 ± 3.68\*\*Recurrent preeclampsia (n = 30)32.95 ± 3.16\*Controls (n = 50)13.81 ± 1.99[^2][^3]

[Table 3](#tbl3){ref-type="table"} shows mean of DNA damage in relation to the presence of number of metabolic components in overall patients and controls. Mean DNA damage was found to differ significantly between metabolic components abnormalities groups and controls (p \< 0.01). Cases with 4--5 components had significant higher levels of DNA damage (35.3 ± 3.7) than those with 2 components (29.3 ± 2.2). Moreover, Kruskal--Wallis test showed significant difference between the studied groups with the highest values among cases with 4--5 components and the lowest among controls.Table 3Mean DNA damage according to number of components in obese women and controls.GroupDamage frequency Mean ± SEp value[a](#tbl3fna){ref-type="table-fn"} (Kruskal--Wallis test)Controls (N = 50)14.95 ± 2.00.001MS components groups2 (N = 40)29.3 ± 2.2\*3 (N = 30)30.3 ± 3.3\*4--5 (N = 20)35.3 ± 3.7\*\*^,\#^[^4][^5]

[Fig. 1](#fig1){ref-type="fig"} show visualized damaged DNA from leukocyte cells in obese women with MS. Cells had the appearance of a comet showed a brightly fluorescent head and a tail to one side formed by the DNA containing strand breaks that were drawn away. [Figure 2](#fig2){ref-type="fig"}, [Figure 3](#fig3){ref-type="fig"} illustrate DNA damage in PCOS and preeclampsia cases respectively.Figure 1Damaged DNA (white arrow) from leukocyte cells of obese women with MS.Figure 2Damaged DNA (white arrow) from leukocyte cells of obese women with PCOS.Figure 3Damaged DNA (white arrow) from leukocyte cells of obese women with recurrent pre-eclampsia.

[Fig. 4](#fig4){ref-type="fig"} shows the positive correlation between mean frequency of DNA damage and waist circumference in obese women with PCOS. The linear regression line was performed with DNA damage assays as the dependent variable and waist circumference as independent variables.Figure 4Association between DNA damage frequency and waist circumference in PCOS women.

Discussion {#sec5}
==========

In the present study, DNA damage has been examined in Egyptian obese women with different hormonal and metabolic abnormalities. Percent of DNA damage, anthropometric and biochemical measurements of MS, PCOS and cases with a history of recurrent pre-eclampsia have been compared to healthy non-obese women. Obesity is a growing epidemiological health problem in adults[@bib21] as well as in children.[@bib22] Obesity always leads to T2D and the development of atherosclerotic CVD as it plays a principle role in insulin resistance. There is a robust link between obesity and MS which might indicate a direct connection between their pathogenies. Associations between obesity and high levels of several oxidants have been previously reported.[@bib8] Moreover, it has been found that a significantly lower antioxidant state and higher DNA damage are concomitant to increasing the severity of MS.[@bib8] Results of the present study showed that DNA damage was significantly higher in obese subjects either with MS or PCOS or with a history of recurrent pre-eclampsia relative to the control group. Preceding investigation of the DNA damage in Egyptian obese MS women revealed significantly higher levels of DNA damage among the MS Patients compared to healthy non-obese control.[@bib18] Our findings are in accordance, as well, with previous work, where a significantly higher DNA damage was reported in obese and MS cases.[@bib9], [@bib23] Furthermore, a statistically significant association between the frequency of DNA damage and WC in obese PCOS women has been observed from the results of the present. Elevated micronuclei frequency and DNA damage with high BMI has been previously reported,[@bib24], [@bib25] however, controversial results were also found.[@bib26]

The free radicals likely mediate the connection between higher DNA damage and obesity state. It is well known that obesity causes elevated free radicals state and these free radicals could, in turn, lead to cellular DNA damage. During obesity, adipocytes, interleukin secretions and inflammatory process are most likely involved in the development of oxidative stress.[@bib27] In addition to, high-fat diets have the potential to increase oxidative stress and, subsequently, DNA damage.[@bib28]

Diabetes has been found to be associated with high oxidative DNA damage.[@bib29] The WHR is likely the major risk factor for the development of type 2 diabetes[@bib30] and it is a very important factor in determining those at high risk of prediabetes cases. Furthermore, WHR seems to be the best marker in predicting cardiovascular outcomes that result from many chronic diseases.[@bib31], [@bib32], [@bib33] The metabolic changes happened during hyperglycemic state might cause an increase in the reactive oxygen species (ROS) where polyol pathway is activated. Subsequently, a variety of DNA damage such as oxidized bases and DNA strand breaks occurs. Hence, oxidative stress could be a harmful process that contributes to the progression of diabetes mellitus by causing destruction to cell structures.[@bib34], [@bib35]

Results of former studies that investigated DNA damage in women with pre-eclampsia are controversial. Some studies found elevated levels of oxidative DNA damage in pre-eclamptic women either concomitant with other pregnancy complications like intrauterine growth restriction (IUGR) or not relative to controls,[@bib36] even in mildly pre-eclamptic patients without IUGR.[@bib37] Similarly, Furness and colleagues[@bib38] reported significantly increased DNA damage in women who developed PE and/or IUGR before an appearance of the symptoms.[@bib38] Other studies reported that the maximum level of DNA damage was observed in pre-eclamptic cases only when complicated by IUGR otherwise, in the case of pre-eclampsia alone the differences in the level of the DNA damage compared to the control group were not significant.[@bib39] Furthermore, other study[@bib13] found no significant difference in the extent of DNA damage between control and pre-eclampsia groups. In the present study, we have investigated cases with a history of recurrent PE and significantly higher levels of DNA damage have been found relative to control group.

Comet assay results of the present study are not only significantly different in MS compared to controls, but they are also positively correlated with several MS features, highlighting the value of these assays as biomarkers. Our results showed that obese cases having 4--5 components had significantly higher levels of DNA damage than those with 2 components with a statistically significant difference as well as compared to controls. Progressive telomere shortening in peripheral blood cells was previously reported from patients with MS, diabetes mellitus, coronary artery disease (CAD), PCOS, and premature myocardial infarction.[@bib8], [@bib25] Nevertheless, telomere shortening and chromosomal damage roles in the pathogenesis of cardio-metabolic disease are still not clear. It is recommended in the future studies to do a clinical follow-up of MS, PCOS, pre-eclampsia patients in addition to recruiting larger populations and performing these assays on a regular basis with larger populations in order to evaluate their clinical utility.

Conclusion {#sec6}
==========

The present study showed significant association of DNA damage with number of metabolic components, PCOS and recurrent pre-eclampsia in obese Egyptian women. The increase of DNA damage levels could trigger PCOS and pre-eclampsia. Our results illustrate the correlation between DNA damage and WC in PCOS women. It is important to highlight that future studies evaluating DNA damage should be carried on obese women in an early stage. DNA damage may play a role in the risk of PCOS and pregnancy complications. Comet assay for DNA damage should be considered in interventions and management strategies in obese women.
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[^1]: BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; WC: waist circumference; WHR: waist to hip ratio; TG: triglycerides; TC: HDL−C: high density lipoprotein cholesterol; LDL−C: low density lipoprotein cholesterol. \*p\<0.05, \*\*p\<0.001 vs. controls.

[^2]: Mann--Whitney U-test, \*p value \< 0.05, \*\*p \< 0.01 vs. controls.

[^3]: Among MS, PCOS, recurrent preeclampsia and controls.

[^4]: Mann--Whitney U-test, \*p value \< 0.05, \*\*p \< 0.01 vs. controls, ^\#^p \< 0.01 vs. two metabolic components.

[^5]: Among metabolic components groups (2, 3, 4--5) and controls.
